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I. INTRODUCTION .

In attempting to determine the hardening of aerospace
systems to a nuclear electromagnetic pulse (EMP) environ-
ment, it is mandatory to perform system level tests using

a simulated environment. For such tests, it is important

that the electromaanetic field within the simulator be

comparable to the EMP threat, in order to ensure a reasonable

amount of confidence in the experimental results. There

are a number of factors which influence the behavior of

the simulated electromagnetic field including the physical

design of the simulator and the design of the pulsers

which provide the transient energy to the simulator.

Attention is focused on the Marx type of pulser

as installed in the ATLAS I (TRESTLE) facility.

Individual components of the pulser are considered for

their electromagnetic properties, with the goal of presenting

curves and data which would be useful for improving existing

pulsers or fabricating new ones.

Traditionally, the pulsers for EMP simulators have
been developed and built by researchers and practitioners

of the science of high-voltage engineering. Like any

other electrical source, a pulser delivers maximum energy

into a matched load. In the present situation, the load

is a two-parallel-plate transmission line type of EMP

simulator, with a nominal input impedance that is dominated

by the principal TEM mode of propagation. Although the

simulator viewed as a transmission line can and does support
non-TEM modes (e.g., TM0 1 mode propagation in the ALECS

facility), the input impedance of the simulator is still

mainly governed by the TEM wave because the non-TEM modes

(TE or TM) are evanescent near both ends of the simulator.
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So fortunately, the load into which the pulser delivers

transient energy is a quantity that is known fairly accurately

and it is mainly resistive. For example, ATLAS I

(TRESTLE) facility has a principal TEM characteristic

impedance Z of 150 Q. By replacing the simulator
C

per se with a predominantly resistive load, one can begin

to focus attention on the various pulser components.

In general, the performance characteristics (e.g.,

TEM, TE, TM modes in cylindrical and conical regions,

field mapping, terminator effectiveness) of the simulator

proper is much better known (Ref.l) than the performance character-

istics of the pulse generator. Some of the pulse power

issues relating to the electromagnetic aspects of pulsers

are long standing and have been identified (Ref. 2). Appendix A

of Reference 2 contains a problem list relating

to pulser design, nearly all of which remain to be addressed.

With regards to the availability of pulser test results,

they tend to be scattered in reports written by the manufac-

turers of the pulse generator and not readily accessible.

Some sample pulser output waveforms as measured in the

PTF were teproduced in Reference 3 and used in estimating the

transient electric field waveform in the working volume

of ATLAS I (TRESTLE) facility. The 10 to 90% rise time

t10-90 is typically in the vicinity of 20 ns. It is

noted that some of the relations between various rise

time definitions have been worked out by Castillo et al.(Ref. 4).

Some of the environmental improvements in the working

volume of ATLAS I (TRESTLE) facility, derivable from potential

pulser improvements (e.g., reducing the rise time by a

factor of 0.5, 0.25) were considered in Reference 5.

Subsequently, the pulse power related problems list of Reference

2 was selectively updated in Reference 6 and the two

important problem areas are: (a) electromagnetic optimization

of the switch geometry and (b) electromagnetic optimization

of the relative orientation or positioning of Marx and

peaking capacitor arms.

4
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Under the present effort, these two problems

relating to pulser design are addressed in detail. It

is emphasized that by no means all of the pulse power

issues have been resolved and many research studies

combined with engineering modifications remain to be done.

In Section II , the electrical characteristics of the
Marx pulser as installed in the ATLAS I (TRESTLE) facility

is reviewed. The monocone switch impedance and ways of

increasing it to provide better wave transport properties

are considered in Section III. Section IV deals with

the peaker arm optimization study, resulting in design

tables which enable one to determine the optimum positions

of a given number of Np of peaking capacitor arms. This

optimization, based on the method of conformal transformation,

does not, however, indicate what the optimum value of Np
should be. In Section V, a simple 2-wire

coupled transmission line model is developed, and typical

pulser oputput waveforms are computed for step function

inputs for varying values of Np. These waveforms provide

a means of selecting an optimum number of peakers.

It is observed that, although the two important problems

of switch geometry and peaker arm optimization are considered

here, several other related issues remain for future and

on-going efforts. Keeping this in mind, Section VI lists

a number of recommendations for future analytical and

experimental studies. The report is concluded with a

list of references and two relevant appendices from previously

published work, for the sake of completeness.
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II. REVIEW OF ELECTRICAL CHARACTERISTICS OF THE
MARX PULSER IN ATLAS I (TRESTLE) FACILITY

The ATLAS I or TRESTLE pulser consists of two 5 MV pulser

modules. One is mounted on each side of the ground plane wedge

(GPW) of the simulator facility. The pulser modules are charged

to opposite polarities and when fired launch an electromagnetic

wave into the conic transition on each side of the GPW. When

the wave propagates to the end of the GPW the two waves add

across the parallel plate section of the simulator to provide

the appropriate EMP environment in the working volume.

The two pulser modules are identical electrically and

for the purposes of this report the characteristics of one

module will be discussed. When considering only one module

the simulator is also split at the plane of symmetry and the

pulser module evaluated in terms of driving a 150 Q transmis-

sion line.
With the exception of one analysis effort that was started

on the peaking capacitors and not completed, all information

that exists on the pulser modules has been published in the

form of reports and/or drawings. All of the available reports

and drawings have been reviewed for content that would be of

value toward future analysis of the electrical and electromag-

netic characteristics of the pulser module. It is not the

intent of this report to duplicate the existing data and docu-

mentation except where necessary for a point of discussion.

The reports that were reviewed are listed in Section II

and a general discussion of their content presented.

In general, some work and analysis have been accomplished

in the past towards identifying the cause of existing performance

problems. Most of the past efforts have approached the problem

by evaluating circuit models or using empirical testing. A

thorough and comprehensive analysis of the pulser module as

6
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an electromagnetic structure has not been accomplished. This

type of analysis is needed to determine what improvement could

be expected by various modifications to the modules.

1. Review of Available Documentation

Available documentation covers the original design of

the pulser modules, testing of the prototype, and the manu-

factured configuration of the hardware.

DESIGN

Only two reports are available which are related to the

final design of the pulser modules. Both reports contain infor-

mation that is of value toward electromagnetic analysis of the

pulser module.

The MLR-294, dated 30 April 1975, was the final design

analysis report covering the pulser modules. Section 3 of

the report covers the pulser modules but only pages 3-1 through

3-21 may be of value in support of electromagnetic analysis.

Table 3-1, page 3-5, lists the key electrical parameters of

the pulser module. This table is repeated in Table 1 of this

report for easy reference. Item 19 of this table was the calcu-

lated rise time of the original bicone output switch. This

switch was replaced with a monocone with an impedance of

88 Q.

The BDM/A-27-75 dated 11 March 1975 covers an equivalent

circuit model of the pulser module for analysis. The

circuit model was extensive and distributed to more closely

approximate the real case. Many parameters of the model were
varied and the predicted performance compared with actual per-

formance measured from the prototype pulser module in the Pulser

Test Fixture (PTF). The agreement between predicted and measured

7
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TABLE 1

PULSER MODULE ELECTRICAL PARAMETERS

1. Marx Voltage (N x V ) 5.05 MV

2. Module Voltace 5 MV Nominal

3. Module Capacitance 3.17 nF

4. Module Enerav Storage 40.4 kJ

5. Number of Marx Stages (N) 50.5

6. Capacitance per Stage 0.160 iiF

7. Energy per Stace 800 J

8. Maximum Staae Voltages 100 kV

9. Module Impedance 150 0

10. Marx Generator Inductance 5.05 uH

11. Total Peakina Circuit Inductance 9.4 ,iH

12. Peak Current 36.1 kA

13. Charge Transfer per Switch 0.016 C

14. Number of Peaking Capacitor Assemblies 4

15. Total Peakina Canacitance
(including strays) 345pF

16. Ratio of Marx Capacitance to Peakina
Capacitance 9:1

17. Peaking Capacitor Open Circuit
Ring Period 339 ns

18. Output Switch Closed on Rise of Peakino
Capacitor Waveform at 91 ns

19. Output Switch Risetime 10-90%
(into 125 0) 7.3 ns

20. Prepulse 27 %

8
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performance appears to be fair. The results given

for varying the peaking capacitance may be misleading (Page

IV-38, Para. 2.2.3). Point capacitors were used in the model

based on an earlier test of point capacitors versus distributed

capacitors for the Marx capacitors. In this case, however,

the high frequency performance of the module is strongly dependent

on the characteristics of the peaking capacitors. In the real

case the peaking capacitors are made of windings that look

like short transmission lines at high frequencies and can severely

attenuate some frequencies. Not includina this into the circuit

model may result in predicting better performance than can

be realized. While this type of circuit model is of value

for predicting electrical performance of a circuit, it does

not predict electromagnetic performance very well. There are

reflection and diffraction points in the module geometry that

have a strong influence on high frequency nerformance that
the circuit model analysis does not evaluate.

The MLR-483, dated November 1975, reports the results of the

prototype pulser .iodule testing in the PTF. The report includes

test results with oscillograms for the entire test program.

The performance measured in the PTF is representative of what

can be expected from the pulser modules in ATLAS I (TRESTLE)

facility. The PTF introduced some problems due to geometry

that will not be -resent in the horizontal simulator. The

diffraction points where the prototype attached to the ground

plane and transmission line in the PTF will be different in

the horizontal simulator. The point on the ground plane will

be eliminated and the angle where the output transition connects

to the transmission line will be reduced. These differences

should result in slightly better high frequency performance

of the pulser module in the ATLAS I (TRESTLE) facility.

Appendix D of this report covers what was called "Low

Voltage Spring Tests."

9



The low voltage tests evaluated the pulser geometry with

the output switch and peaking capacitor simulated using

metal conductors. The reflection and diffraction points within

the geometry were clearly visible in the test data. Tests were

accomplished with both the bicone and monocone output switch

(Appendix B).

In addition, another series of reports called TRETMS

exist, which provide some information that is of value in

further electromagnetic analysis. The TRETMS were TRESTLE

technical memorandum used to document specific proolems

and tests and analysis efforts during the design and test

of the pulser modules. Those TRETMS of specific interest

are:

Number 3 - Calculations of Circuit Values and Prepulse.

This TRETM analyzes the difference between the amount

of prepulse predicted in the initial design calculations and

that actually measured from the prototypt pul.se module during

PTF testing.

Number 5 - Qualitative Comparison Between the Bicone and Monocone

Output Switches with Respect to Re4 lections and

Diffractions that May Decide Risetime Performance.

This TRETM defines the two switch geometries and identifies

the discontinuities that can cause rise time degradation.

Number 11 - Experimental Investigation to Provide Test Data For

Analyzing the Electrical Characteristics of the

TRESTLE Peaking Capacitors.

This TRETM provides a significant amount of data on the per-

formance of the peaking capacitors in a transmission line over

the frequency range of 0.1 to 110 MHz. The data shows a severe

attenuation of frequencies at about 13 MHz and 67 MHz.

10
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Number 12 - Analysis of TRESTLE Pe:king Capacitors Over the

Frequency Range of .1 to 110 MHz.

This TRETM was not completed due to the author dropping

out of the progratL as a result of an accident. However, the

work that was done is included as Appendit A of this report.

Number 13 - Experimental Investigation of Output Waveform Notch.

This TRETM presents data from a series of peaking capacitor

configurations on the prototype pulser. These tests were accom-

plished to assess the possibility of reducing the notch after

peak on the output waveform by reconfiguring the peaking capacitors.

Number 16 - Analysis of the Experimental Data Concerning the

Waveform Notch.

This TRETM evaluates the results of the tests reported

in TRETM Number 13.
The TRETMs not mentioned previously deal with areas not related

to electrical performance and would be of no value toward electro-

magnetic analysis.

In addition to the documentation discussed, a complete

set of drawings is available at the simulator facility. These

drawings document the physical configuration of the pulser

modules and the geometry of the interface with the ATLAS I

(TRESTLE) facility.

11



A STUDY OF THE MONOCONE SWITCH

In Section II, the results of a review of the electrical

characteristics of the various components of Marx type of EMP

pulse generator was reported. This served the purpose of

identifying and to some extent, documenting the salient

features and the electrical parameters of various pulser

components. This seciton will review the switch assembly

and present the monocone switch analysis, in a self-contained

format.

It is well known that the ATLAS I or TRESTLE pulser

consists of two 5 MV pulser modules, mounted on each side

of the ground plane wedge. It is immediately seen that

the base of the pulser takes the form of a monocone over a

ground plane. Furthermore, the entire pulser assembly,

including the Marx, the peakers and the switch is effectively

a section of transmission line that guides the simulation

pulse. A necessary but not sufficient requirement, therefore,

is that every individual section of this transmission line

must have the same characteristic impedance. This is a

primary criterion for minimizing the reflections in the

simulation process, even before any test object is introduced

in the working volume. Other considerations include ensuring

minimal field discontinuities between adjacent pulser sections,

as well as minimizing the back radiated, and consequently

wasted, energy. In some instances, it may be impossible

to meet these requirements because of mechanical or practical

constraints. However, attempts must be made to minimze

impedance and field discontinuities, so that the pulser

can propagate and launch a simulation pulse with tolerable

amounts of ringing and wasted energy. Attention will

be focused on the impedance matching.

12
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Related, relevant work in the past was reported
in Reference 7. They have produced quantitative

data on the TEM characteristic impedance Z c of a tilted

monocone, the EM field distribution over spherical wave-

fronts, and certain upper bounds on the back radiated energy

from the cone. Z c has been computed essentially by the

method of stereoaranhic projection (Refs. 8 & 9) which reduces the

3-dimensional Laolace equation over a snherical surface to

the usual 2-dimensional form. The computations are for a

tilted monocone on a flat horizontal ground plane. A

later section will address the utility of the reported

results to the present case of the monocone at the base of

the Marx pulser in ATLAS I or TRESTLE facility. Before dis-

cussing the issue of monocone impedance, the following sub-

section contains a physical description of the monocone

switch as it is presently configured in the simulator.

1. Physical Description of the Monocone Switch

Historically, the earlier design of the pulser included

a bicone output switch. At the time of testing in the

PTF, the rise time measured was three to four times

longer than what was predicted for the bicone. After some

additional testing and analysis, it was concluded that the

rise time was dearaded because of the bicone switch geometry

and,hence,a monocone switch was designed so that it can be

housed in the same fiberglass housing.

The monocone switch design is shown in Figure 1, and

it consists of a single cone over a ground plane forming a

monocone antenna. The half cone angle is 20, which when used

in
Z

z o tn (cot (8/2)] (1)
c 27

13
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gives a characteristic impedance of 104 e. In

Equation (1), which is well-known (Ref. 10).

ZO  free space characteristic impedance = 120 2

8 half ancle of the monocone

Although, the monocone is immersed in an SF6 medium, the

electrical parameters (E E ; C 0) are similar to~SF 6  0 'SF
that of free snace. This 104 Q cone uses a modified edge/plane

spark gap geometry and the switch pressure can be varied from 0

psig to 150 psig, but in practice it is held constant at 100 psig.

The switch electrode extension can range from -0.09m to + 0.045m,

whereas the switch gap itself has a range of 0.075m to 0.12m. The

monocone switch electrode is electrically in contact with, and

mechanically attached to the Marx generator and the peaking

capacitor arms. The transition between the switch and the

Marx/pulser assemlblies is sketched in Figure 2. From a

cursory examination of this transition, it is observed that

even if one has an impedance match at this transition, the

field mismatch can he quite large. However, as was indicated

earlier, the subject of field matching is postponed until a

satisfactory transmission line model is developed and analyzed

for the central Marx column and the peaker arms above a ground

plane. For the present, we consider the impedance related

issues and ways of improving the impedance matching; i.e.,

how to get the cone impedance to approximately equal 150 P.

2. Monocone Impedance

A tilted monocone shown in Figure 3 was analyzed in

Reference 7for its TEM wave propagation characteristics.

With reference to the figure, 6 is the half cone angle and

15
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a) Side View

y

b) Front View

Figure 3. A tilted monocone over a horizontal ground plane.
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a denotes the anqle made by the cone axis with the ground

plane. A pair of rectangular (x,y,z) and spherical (r,a,p)

coordinate system is also illustrated. This structure is a

radial transmission line and,hence,its TFM characteristics

are determined by solving a surface Lanlace equation over a

spherical surface orthogonal to the direction of wave propa-

gation. By usina a method of stereoaranhic projection,

Reference 7 derives the characteristic impedance of such

a structure to be

z(tilted) Z arccosh in (a) (2)
c I [r a o in ( 2

It is seen that, in the case of no tilt, i.e., a = 90*,

equation (2) reduces to

z

0

Zc o arccosh (csc (8)]

-n tn fsc () + V1]

Z 7
=F e [csc (B) + cot ( ) tn [cot (S/2)] (3)

and this expression is consistent with earlier Equation (1).

In Reference 7 the result for the Z(tilted) given by Equation (2)

is graphically plotted in Figure 4, and several observations

can be made from this figure, and they are:

(a) for an untilted cone (i.e., a = QO), one requires a

half angle a of the monocone to be < 100, in order to obtain

a characteristic impedance of about 150 Q,

(b) for a given half angle 6 of the ronocone, the largest

value of the characteristic impedance is obtained if the cone

axis is normal to the ground plane,

18
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(c) same characteristic impedance value can be obtained

for different sets of a and 8 values; for example, 100 Q

impedance can be obtained for [a = 140, e = 50] or [a = 28',

8 = 100] or [ = 460 , 8 = 1501, etc.

The last observation (c) can have an impact on

the field matching considerations at the transition or inter-

face between the switch and the Marx column. However, obser-

vation (b) is more informative and can be exploited in prac-

tice, by avoiding the tilt and getting the highest impedance

value for practical 8 values. There are two conflicting

requirements here,because it is meaningful to tilt the mono-

cone so that it lines up better with the axis of the Marx

column and thus reducing the field mismatch. But Fiqure 4

shows that tiltina the cone (i.e., a < 000) reduces the

impedance, thus rerquiring smaller and smaller cone angles.

One way of resolvina this would be to include local ground

plane variations. This will be discussed in further detail
later in Section III.

Another criterion is minimizing the back-radiated energy.

Once again, the formula for the fractional back-radiated

power is available in Reference 7 and is given by

f-os (8 - Cos (ai) Cos(61
P (C/2)n os o) - cos () cosb - 1 2 f- (4)
Pt arccosh [sin(a)/sin(8)]

where

P b power radiated in the cone between 6=8b and 8-=

Pt total radiated power

Considering eb = /2 and for reasonable values of a and 8,

this Equation (4) estimates the back radiations of the order

of 20%.

20
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To summarize, the physical quantities of importance

relating to the conical base of the simulator are(a) the

characteristic irnedance,(b) the fields at the switch/

Marx column and switch/peaker interface, and(c) the back

radiated energy. Although all these three parameters and

ways of optimizing their values are all interrelated (e.g.,

varying a would affect all three of this quantities), it

is fair to state that the most important oarameter to

optimize is the imnedance.

3. Interfacina with Marx and Peakers

In Figure 2: a schematic diagram of the transition

between the outpue switch and the Marx/Peaker columns

was shown. This transition made of electrically inductive and

mechanically thiti interconnections is a source of impedance

as well as field discontinuities. If the impedance of

the switch is brought up to 150 , then the problem would

involve matchina the transverse field distribution or

at least, allowing for the fields to vary rradually.

Such engineering modifications as replacing the thin

interconnecting wire by appropriately shaped sheet metal

or metalized fiberglass, should be a priority item for

consideration.

4. Recommendations

The purpose of this paragraph is to propose modifica-

tions to the existing design configuration of the mono-

cone output switch at the base of the Marx pulser in the

ATLAS I or TRESTLE facility, with a view of improving the

pulser performance. Four modifications are proposed and

are individually discussed.

(a) Change of the Half Cone Angle 6

When the change was made in 1974 from the bicone to

the monocone switch configuration, due to budgetary and
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other considerations, it was decided to continue using the

same switch housing. This switch housing, however, con-

sists of a steel dome, whereas the housina itself is made

of fiberglass. Since the dome is metallic, it had to be of

a certain minimum diameter to support the field levels.

This minimum diameter leads one to the 200 value for the

half cone angle, thus resulting in a smaller characteristic

impedance value than desirable. Budgetary and other consider-

ations aside, serious consideration should be given to

fabricating a new switch housing with a fiberglass dome that

can support the internal pressure as well, and with a cone

half angle of about 100, the desired impedance can be

achieved. This,of course,would be the ideal solution.

(b) Ground Plane Variations

The switch cone, with its axis normal to the around

plane wedge makes a sharp angle with the remainder of the

pulser leading to field mismatching at the interface. This

calls for sloping the switch cone so as to make its field

distribution better match that on the Marx column and peak-

er arms. As was earlier pointed out, mere tilting or slop-

ing of the cone reduces the already low value of the character-

istic impedance. One way around this problem would be to

introduce or attach a second ground plane to the existing

ground plane wedge. The cone axis can be maintained to be

orthogonal to this tilted plane. This is schematically shown

in Figure 5, which also includes a local shaping of the ground

plane in the form of a hump . The shaping is such that,

locally the electric field lines,normal to the tilted ground

plane, are denser resulting in a higher impedance. This

method could make use of the existing switch housing, but

has an artificially increased value for the characteristic
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Figure 5. Local ground plane variations.
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impedance. One could also attemnt non circular cross sections

for the zones, but a detailed theoretical solution for other

shapes of the switch does not appear to be warranted at this

time, since such attempts are best made in a controlled lab-

oratory environment initially.

(c) Laborator:." 7xperiments

if roposed mooification (a) is discarded or found Lm-

practical for any raason, the next best alternative would be

to consider local around plane variations. Because of the

irregular shapes of possible ground planes and, also with a

view of avoiding extensive numerical computations, it is

suggested that impedances of monocones over locally varying

ground planes be measured in a laboratory. This would con-

sist of appropriately driving the cone against the grcund

plane and making a TDR measurement of the impedance. Once

the experimental set up and the measurement procedure is

tested, a wide variety of local variations in the ground

plane can be attempted.

It is to be enhasized that this method of around olane

variations has an inherent risk of improving the =haracter;.s-

tic impedance at the very early times, but degrading it at

later times because of the introduction of additional dif-

fracting surfaces. Hence, the need for careful and ex:ensive

experimental trials.

(d) Switch Transition

The transition geometry along with the low switch

impedance is the most serious area with respect to rise

time degradation. Fortunately, this area is also the easiest

part of the problem to model. It is proposed that a one-

fifth scale model with sufficiently long transmission line

to provide a 15 or 20 ns measurement cleartime be built.

With such a model and carefully thought out experiments, the

transition geometry can be optimized reasonably fast.
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IV. PEAKER ARM OPTIMIZATION

The Marx type of pulser under consideration incorpor-

ates several (- four in the case of ATLAS I (TRESTLE)

facility) peaking capacitor arms as part of its electro-

magnetic configuration, in delivering transient energy

to the EMP simulator proper. The particular facility

of interest, ATLAS I (TRESTLE), consists of a two-parallel-

plate transmission line in the central region, with a

wave launcher and a wave receptor on either side. The

launcher and receotor conical transmission lines are formed

by triangular shaped plates. While the wave receptor

or the output conic section is terminated by a load impedance,

the wave launcher or the input conic is driven by the

electromagnetic energy source. Such a functional division

of the facility is sketched in Figure 6 (Ref. 6).

The electromac'netic energy source employed in the

ATLAS I (TRESTLE) facility is a pair of Marx type of pulse

generators, rated nominally for a peak voltaqe of 5 MV

each. A side view of a Marx pulser module configuration

is shown in Figure 7. This configuration consists mainly

of the central Marx column, the surrounding peaking capacitor

arms and the monocone output switch at the base of the

ground plane wedge. Each of these pulser elements has

a key function in the wave transport and launching. In

this section, attention is focused on the peaker arm optimi-

zation, making certain approximations; e.g., treating

the Marx and the peaker arms as cylindrical conductors,

with appropriate line constants. Specifically after a
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Figure 6. Schematic diagram of a parallel plate transmission
line type of simulator, e.g., ATLAS.
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brief physical description of the peaker arms in Section IV

we formulate a multiconductor transmission-line model

for the case of Np number of peakers along with the

central Marx column, above a ground plane. This formulation

is the subject of Section IV. Next, the optimum

location of these peakers is sought. The constraints
and approximations leading to a 2-wire model are described

in Section IV. Conformal transformation of the physical

plane into a complex potential plane, as described in

Section IV leads to the optimum location of the given

Np peakers. In the concluding Section IV, representative

numerical results are presented.

1. Peaking Capacitor Arm Description

The peaking capacitor arms used in Marx pulser modules

serve a two-fold function of masking the inductance of

the Marx generator and providing a peaking element to
aid in achieving a fast rise time pulse into a transmission

line type of EMP simulator. For example, the electrical

parameters of the peaking capacitor arms in the pulser

module of the ATLAS I facility are listed below.

TABLE 2

ELECTRICAL PARAMETERS OF PEAKER ARMS

1) Number of Peaking Capacitor 4
Arm Assemblies

2) Total Peaking Capacitance 345 pF
(includina strays)

3) Ratio of Marx to Peaking 9 to 1
Capacitance

4) Peaking Capacitor Open Circuit 339 ns
Ring Period

This Table and the material relating to the physical description
of the peakers are to be found in detail in Maxwell Laboratory
Reports #170 of April 1972 and #294 of April 1975.
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The individual capacitors used to make up the peaking

capacitor assemblies are similar to those used in the

TORUS system.

The individual capacitors were designed to operate at

550 kV. Therefore, a series string of nine were required

to bridge the 5 MV Marx generator. Four peaking capacitor

assemblies are in parallel across the Marx generator. Thus,

the number of units in series, Ns, is 9; and the number in

parallel, Np, is 4.

The peaking capacitor assembly is the same length as the

Marx and the voltage grading approxinately the same at full

voltage. Very similar voltage gradients were used in the

TORUS generator, where no flashover problems were encountered.

The peaking capacitor assemblies in ATLAS I (TRESTLE) facility

are approximately 0.3 m from the Marx generator at the closest

point, and the entire system is operated in an SF 6 environment.

The SF6 environment permits relatively close positioning of

Marx and peakers. However, it should be pointed out that

flashover between Marx and peakers have occasionally occurred.

The peaking capacitor arm assembly is shown in Figure 8.

Each arm consists of a fiberglass angle support, nine 550 kV

peaking capacitors, with PVC supports and a corona ring at

the end. A single unit peaking capacitor is described below.

The unit capacitor has a plastic case (5 cm x 10 cm x

47 cm) or (2 inch x 4 inch x 18.5 inch) with electrical

terminations at opposite ends and in the center of the

5 cm x 10 cm end plates, as shown in Figures 9 and 10. The

terminations are designed to be mounted in a dielectric

angle support to form a peaking capacitor assembly of

series units.
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Figure 10. Peaking capacitor assembly (all indicated dimensions
are in inches).
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Seventy flattened capacitor pads are electrically

connected in series to provide 606 pF at 550 kVDC as a

unit capacitor. The pad voltage of 7143 V is impressed

on a composition multilayer dielectric of three layers

of 0.00025 in Kraft capacitor tissue and two layers

of 0.00075 in Mylar, resulting in a dynamic dielectric

stress of 2005 V/m on the tissue 3760 V/m on the Mylar.

Some of the characteristics of the unit peaking capacitor

are listed below.

TABLE 3

CHARACTERISTICS OF UNIT PEAKER CAPACITOR

1) Capaci'ance (606 ± 10%) nF
2) Voltage 550 kVDt-, pulse

charge

3) Inductance 300 nH

4) Voltage reversal 20% max

5) Temperature range

(a) operating + 140 F to 1130 F

(b) storage - 400 F to 1130 F

6) Weight ' 7.75 lbs

Recall that there are 4 peaker arms in parallel,
each of which has 9 unit peaker capacitors in series.

Note: 1) The above rating applies to a unit peaking capacitor
operated in a pulse charge mode, while immersed in
an SF6 dielectric gas environment of 14-15 psia.

2) Performance rating with respect to frequency are
unavailable.
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The capacitor elements are convolutely wound pads,

laid in tab-type construction, with both tabs projecting

from the ends of the windings, then bent back on opposite

sides of the flattened pad to provide double contact

to the tabs of adjacent pads. This design provides

double contact area in the interpad connection, equalizes

the pressure over the pad flattened area, and removes

cut tab ends from the active area of the dielectric,

thus preventing possible failure from sharp edges of

the cut tab.

The stacked pads are held in compression in a frame

made of four tension rods of polycarbonate plastic threaded

into an epoxy-fiberglass pressure plate floating below

a top plate held in position by four plastic nuts threaded

on the tension rods. Pressure adjustments after assembly

and vacuum drying are accomplished by means of a plastic

screw threaded through the top frame plate and bearing

on the center point of the pressure plate.

The case of the peaking capacitor is in the shape

of an open end tube of 0.032 in fiberglass-epoxy.

The assembly of 70 pads stacked in the frames is

positioned inside the case by the shape of the end plates

and spacers, the dimensions of the plates and spacers

conforming to the shape of the case. The end plates

are secured to the case by 10 plastic screws in each

end and sealed by filled epoxy cement coating the interstices

between the plates and the case inner wall.

In the manufacturing process for the peaking capacitor,

the operation of removing moisture and impregnation

with oil is succeeded by a third step--encapsulation.

The vacuum drying under heat and impregnation with oil

is carried out in much the same manner as conventional

capacitors. After impregnation and soaking, however,

residual oil is drained from the case, under controlled
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conditions, a hard vacuum is pulled to remove entrapped

gas, and an encapsulant is introduced under vacuum to

completely fill the space inside the case. After poly-

merization of the encapsulant, the result is that the

capacitive elements are impregnated with a dielectric

oil, they are encased in a resilient coating of encapsulant

of high dielectric strength and excellent moisture resistance,

the whole being protected by the plastic case, which

provides a rigid support for the electrodes and precise

dimensions for assembly into the peaking tubes.

From the above physical description of the peaker
arm assemblies, one has to make simplifying approximations,

to pursue desian studies. One such approximation is
to idealize the neaker arms and the Marx column by perfectly
conducting circular cylinders with finite radii. One

of the consequences of this assumption is in computing

the characteristic impedance of the peaker array. However,

even approximating the peakers and Marx column by line

currents has led to useful results with less than 10% error

estimates (Ref. 7). In view of this, the present approxi-

mation has even less of an impact on the accuracy of

calculations.

2. Multiconductor Transmission-Line Model of Peakecs

and Marx

An important problem (Ref. 2) for which design curves are

already available (Ref. 7) is the 4 peaker arm configuration

sketched in Figure 11. The problem is to determine the

relationship between xi, YI' x2 and Y2 by including the

images of all conductors. The criteria in obtaining this

relationship are:

(a) During the peaker charge cycle, i.e., before the output

switch fires, the return current flows in the Marx. With

reference to Figure 11, 2(11 + 12) = IM and one

is required to null the magnetic flux between

35

I /i



...1...

Y

12 "- V ! 12

(-x2y (x2 ,y2 )

(-Xlyl) (x11Yl )

h
4Ground Plane

x

Figure 11. Four peaker arms and the central Marx column above
a perfectly conducting ground plane.
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the two peakers in the first quadrant, to avoid different

voltages on the peaker arms.

(b) During the discharge cycle,i ;e., after the output

switch fires, the return current flows in the ground plane

(or, equivalently, in the image conductors). With reference

to Figure 11, for no net flux between peakers the Marx

current IM  should be = 0. In reality, it nearly

vanishes limited by the Marx inductance.

While satisfying the above two criteria, the relation-

ship between xl, Y1 1 x2 ' and Y2 falls out and the computa-

tions have been reported in Reference 7. One of their figures

is reproduced here for the sake of completeness, in Figure 12.

It is noted that symmetry about the y axis is maintained

in the solution. The Figure 12 gives the possible locations

for the second arm (x2 /h, Y2 /h), for a given location of

the first arm (x1 /h, y1 /h) so that the null-flux conditions

are met.

However, it is not obvious if indeed fcur is the optimum

number of peakers. In an attempt to improve upon the avail-

able data, let us extend the above cited work to a general

case of Np peaker arms. It now suffices to seek the optimum

location of the given Np peakers. With referenc- +-n Figures

13 and 14, a distinction is made between the two cases of

N even and N odd. The peakers have a radius of rp and

the central Marx dolumn centered at (0,I) in the transverse

x-y plane, has a radius of rM. In Figure 13, the Marx

conductor returns a current IM and each of the NP peakers

is carrying a current equal to Ip/N. The ordering of peakers

is done in a counterclockwise sense, so that as Np, the

peaker numbering is continuous.
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Figure 13. Modeling of the Marx column and the peakers above a
ground plane, before the output switch fires.
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Figure 14. Return current flow in the image conductors
after the output switch fires, for the case
of ND even with M -- Np/2 corresponding to
Figure 13a.
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We note, because of symmetry

(a) for N P even (Figure 13a)

xn= - - n+l' Yn = N P- n+l

for n =1, 2 . . . . N P (5)

(b) for N Podd (Figure 13b)

x= X N P- n;Yn =N P- n

for n=l1, 2.......N, (6)

In addition, the peaker arm numbered N P is centered at O N
on the y axis.

It is assumed that the given or known parameters are

rpr rMP NP. and the load impedance representing the simu-

lator Z T (e.g., 150 ). The given system is formed by NP

conductors (N P peakers and the Marx) and a reference conductor.

Let the voltages and the currents on the N P + 1 conductors

be denoted by V n and I n They are related by

V Z .... z IZ /11
1,11,N 1, +

V = z .... z Iz2 c c2N c 2-),j2,NP 2,N +1

V Z ... Z
NPc Nfl** cN N c 'CNPIN P+1 Np

(V N +1) z .... z Zc
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in a shorthand matrix notation, (7) can be written

as

(Vn) = (Zc ) (I M )  (8)

n,m

It is convenient to define a dimensionless geometric factor

matrix (f ) as follows

(Zc  ) =Z (fg ) (9)
cn,m 0 n,m

In this notation, the inductance per unit length (L' ,m)-i nm
and the elastance per unit length (C' n ) matrices for

the (Np+2) conductor systems are given by

(L n ) = 11 (f ) (10)
nm 0 gn,m

(CO n( ) -1__) (f )( i
Lo gn,m

From purely geometrical considerations, after making a thin

wire or rotational symmetry approximation, one can write

down the elements of the geometric factor matrix as [11,]

fg = 1 2 n( 2 ) for n = 1, 2 .... N (12)

n,m (13)
f n ; for n,m = 1, 2 N p;

9n 27rP

for n#m

where

Yn = height of the n th peaker arm above ground plane

d = distance between the centers of the nth and
n,m the mth peaker arm

d = distance between the centers of the nth image
n,m peaker arm and the mth peaker arm
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The remaining matrix elements are given by

nnN P+1)

fgnNp+1 d n,Np+1 gNp +l,n

for n =, 2 .... Np (14)

by reciprocating, and lastly

f =-L 1 n 11h (15)
9N +1,N P+1 27 r M

Also, note that because of symmetry relationship of Equation

(5) for the N even case, we have

f gn,n f Np-n+l, P-n+l for n = 1, 2 .... N p (16)

fgn,m -gn n; for n,m = 1, 2 .... Np (17)

Recalling the criteria for determining the optimum peaker

arm locations, we have

(a) during the charge cycle

Marx current I M = sum of all peaker arm currents

= Np x (Ip/N1 ) = Ip (18)

This condition of Equation (17) amounts to equal peaker

repsonse from Marx or vice versa by reciprocity. If current

IM is injected into the Marx conductor, it should lead to

equal peaker currents and, consquently, Equation (7) becomes
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c c
VP Z(P'M) I(/N 1

1(9)

V Z Z Z / Ip/Np

M Zc c cM  M

In the above Equation (19),

Z = Z = constant Z(P ' M) (20)
C n,Np C N +1,n c

which implies

f =f = f(PM) (say) (21)
gn,Np+1 gl,n g

(b) After the output switch fires:

After the main switch fires, Marx current begins to fall

off governed by its RLC time constant and the return current

flows through the image peakers or, equivalently, the ground

plane. It is desirable to have a uniform wave propagating

on the peaker arms, i.e., equal voltages on all of the Np

peaker arms resulting in equal current flowing through the

peaker conductors. If such a uniformity is achieved, the

charge per unit length Q' on all of the peakers will also

be uniform, resulting in uniform surface electric fields.

by setting the Marx current IM equal to zero and uniform

peaker voltages and currents, we require

44

.1

.. . .. . . . ._ - . - .. *% ,, , ... -2, ..



VP z z (P,M) I /N

P In/P (21)

z (P,M) z(P,M)
C C P INP

Mz(PM) 
(P ,M) -A(

This implies

if(P)

gf N g ln,m) (22)
gn,m P

Combining the results of the above two conditions, the geo-

metric factor matrix is now given by

f
gn'm (N+l)x (N+1)

((PM

N 1 9

I (23)

f(9M (1, 1......1) 1(f g
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This formally completes a description of the formu-

lation of the general case of Np peakers along with a Marx

conductor above a ground plane, while invoking the theory

of multiconductor transmission line. In the following section,

we seek a way of reducing this system to a simpler two-

conductor model which is more easily amenable to calculations.

3. Constraints in Multiconductor Model Leading to
Two-Conductor Model

It would be desirable to represent the Np number of

peakers by a single effective conductor. This effective

peaker along with the central Marx conductor forms a coupled

transmission line, as illustrated in Figure 15. The advan-

tage of such a model will be demonstrated as follows and

later, a simpleminded procedure to obtain the equivalent

single peaker arm will be proposed. With reference to Figure

15, the transmission line equations are

d %- (V) = -s(L,).(I

(24)

d % C'
a- (In) = s(Cn,m) n

leading to

d2 (n - (yn ) = 0 (25)
dz 2 n n,m n

with (y n ) = sv (L').(C' and the primes indicate per-
wih(n,m) n L,m )  n'm)

unit-length parameters.

Since additional inductance of Marx (L') is, in effect,

like having a dielectric coating around the Marx, one

expects the two modes of propagation in the model problem

of Figure 15 to travel with different velocities of
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(a)

Marx
Peaker Arm V21

V1ill,

Ground Plane

-z

(b)

V0 u(t) Z L

Figure 15. Coupled transmission line model for the Marx
and a single peaker arm.
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propagation, v1 and v2. A knowledge of these velocities

and corresponding transit times is significant in the process

of optimizing the number and distribution of peaker arms.

We have

Ii LI2C C

(L' iM) = L (C ,m
) = 12 (26)

21 2 + LC 2 1 Ch

One can show

1m if L' =0
n,m 2m, (27)

nm) (Cm) 1
(6nL' + E 1) c,m 2 if L# 0

where 6 n,m) is the unit diagonal matrix and the error

matrix ( n,m ) is given by

(E: nm) 0 0 m 2LI I LI 2 0L0 (28)(Sn') =,, ,-L' L 2 L'm L{I
(0 LI L21 L2 M i

where

A determinant = (LI L2 - L'2 L2) (29)

Now, the two velocities of propagation are given by

v. = (c//X i) for i = 1,2 where the two X's are the eigen-

values of (6n,m + E )n,m given by
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det ( + £ - ) = 0det (6n,m n,m ,

det (Sn,m(l-X) + En,m ) = 0

det =0 (30)

21 1 + - X3

which leads to

XI = 1 and X 2  (lI+622) = 1 + A (31)

Thus, the two velocities arec [ L'LLII
v =candv = c 1 + m (32)v =canv1 (L{I L22 - L i2 L21)

If Z is the total length of the Marx or peaker arms, the

difference in the transit time for the two waves is therefore

.(v 1 -v 2)
At = (W/v 2 ) - (Z/v) =V v2  (33)

At this stage, one can estimate the above quantities (Ni,

X2 , vI, v2, and At) by substituting for the per-unit-length

parameters. Furthermore, the two conductor model as shown

in Figure 15b can also be analyzed in a straight forward manner

for the voltage across the load VL(t), which is the pulser

output waveform for an assumed step function at the input.

The actual computational results are presented in later sections.

From earlier considerations of equal peaker potential, we

are constrained to place the peakers on an equipotential surface

caused by a voltage on the Marx column with respect to the

ground plane.
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Returning to the question of how to choose an effective

peaker conductor, a simple minded way is to choose a conductor

whose f is the average of fgn,n for n = 1, ... Np, and place

this conductor on the same equipotential as the Np peakers,

centered on the y axis. The averaging process, then determines

the radius of the effective peaker arm. For example

(a) say there are Np peakers
N p

1fg =f (34)
N P F gn,n geffn=l

leading to

N P
p n= Z n  2, =n An \-e (35)

n rrp Ye

ae 1N ) i/Np

Yn 
(37)

n= i

Since ye is determined by the particular equipotential surface

being used, Equation (37) is useful in determining the effective

radius of the equivalent peaker arm. This completes the des-

cription of the two-conductor model formulation.
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4. Optimal Positioning Based on Conformal Transformation

We shall first establish the impedance and the complex

potential distribution of the Marx conductor above the ground

plane. The results for this classical problem are available (Refs.

.9 and 10) in the literature. For a line conductor centered

at (0,1) in the physical z (=x+jy) plane, as shown in Figure

16a, the complex potential is given by

w = u + jv = 2j arccot(z) = Zn (38)

This corresponds to equal and opposite line charges at (x,y)

= (0, ± 1). The equipotentials and magnetic field lines are

given by constant u and the electric field lines by constant

v. These contours of constant u and v are easily computed

from the transformation as shown plotted in Figure 16a. The

transformed or the complex potential w-plane is sketched in

Figure 16b. Also note that the pulse impedance°ZL, of the

transmission line is related to the wave impedance, Z by

ZL = fg Z (39)

where f is a dimensionless geometric factor. This factorg
is given by

fg = 2ud/ 2TI (40)

where 2 ud is the potential difference between two wires and

27 is the charge in v for a path circling one wire. This

can also be observed in Figure 16b where the change in v around

a conductor is seen to be 2w.

If all the Np peakers are required to be at the same

potential u=u0 , this implies that the peaker arms are located

on u=u 0 line between v = ± IT. This is indicated in Figure 17

for several values of Np* The two conditions during charge and
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u=u=u0 u =u 0  u =u 0

Figure 17. Possible peaker locations in the complex potential
plane transformable back to the physical :-plane.
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discharge cycle also implies that the peakers be located at

physical locations on the constant potential surface such

that the incremental change in v, between any two adjacent

peakers is the same. To summarize, the peakers have to be

located on constant u line but equally spaced in v-sense.

For example, if one starts with N number of peakers, the

procuedure to find their optimum locations iL as follows:

(a) choose Marx center as (0,+l) in the z-plane

(b) choose peaker to ground plane impedance say

150 4Afor ATLAS I or TRESTLE facility) giving

fp = 150 ,,/377 1],

(c) choose the number Np and radius rp of peakers,

(d) determine the new fP0 because of the number Np

of peakers. (Note that a planar approximation

is adequate (Ref. 11), especially for N P 4)

(e) on the new equipotential corresponding to f 0 '

specify any one peaker center, say it is at v 0

(f) then the remainder are at v0 +(2ln/N P )

Some representative calculations, based on this

procedure for the case of Np = 6,7,8 are presented in the

following section,

5. Numerical Results

In this paragraph, we shall illustrate the process of obtaining
the peaker arm locations, by considering four numerical examples.

Specifically, the threechosen values of N are 6,7,8. At

this point, the optimum choice for Np, itself is unknown.

The question of how to select an optimum N will be addressed

in Section V, where sample pulser output waveforms for step

excitations are computed. Having been given a number Np,

the following steps enable one to obtain their location.
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All linear dimensions are normalized such that the Marx

center is at a height of unit distance above the ground plane.

In this normalization scheme, the radius of the Marx conductor

is about 0.2 and the following calculations are appropraite

at a certain cross section in the transmission lines formed

by Marx/peaker systems. For each of the three cases considered

(Np 6,7,8), all the peakers have initially a radius of

0.02. However, the Np peakers are then replaced by a single equiva-

lent peaker conductor with an effective radius of ae and centered at

(0,y ). The relevant equations, from earlier sections, are repro-
ducea below.

initial geometric factor; fp = ZL/Z 0  (41)

with a corresponding initial equipotential contour u=u 0

change in f due to inter-peaker effects; Afp = ./(2Npd) (42)

where, A F incremental equipotential change d kn_'- - (43)I \' TrIp

2d E spacing between peakers

iterated value of f f + Af= f + in (44)

with its corresponding new equipotential u1 =(u0+Au)

U + - Zn (d)(45)

Note that the peaker locations are uniquely specified

if one determines the vn for n = 1,2,...Np when vn is the

imaginary part of the complex potential w = u+jv. Mathe-

matically, locating that peaker arms in their optimum posi-

tions becomes one of finding the unknown v's. Each v onn n
the new equipotential surface ul, corresponds to a set of

values for (XnYn) which are the locations of peaker centers.

The numerical results are shown in Table 4 where, the

two conductor model is obtained for each of the three values

of Np. Equations (41) to (45) are used in computing the
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parameters fp1 u0 , Ifp, Au, f P and uI. These parameters

are straightforward to get. However, the last two columns

of TABLE 4, namely the parameters (aeYe) of the equivalent

peaker conductor shown in Figure 18, are somewhat involved

and they are obtained graphically from Figure 16a. Knowing

the new value u1 of the equipotential, ye is easily read off

the graph as the point where u = uIintersects the y axis.

Then on this u = u1 surfae, N number of vn' s are chosen ac-

cording to

vn = v0 + (2!I/N ) n = 1,2...Np (46)

Note that because of rotational symmetry, v is somewhat ar-0
bitrary. In other words, once one of the peaker locations

is selected, the remaining (Np-1) are located uniquely accord-

ing to Equation (46).

Yn's are read from the graph corresponding to each vn.

The effective radius a of the equivalent peaker is thene
determined from Equation (37) reproduced below

ae =rp ye/( 1=y' (47)

where rp = radius of Np peakers = 0.02 for the present.

in the following Section V, the two-conductor model

computed here will be used in obtaining sample output wave-

forms. It is also noted that, in the actual situation at

ATLAS I (TRESTLE) facility, the four peaker arms are not

located in their optimum positions on an equipotential surface.

It is expected that computations for reorienting the existing

peakers, using the considerations outlined in this report will

be done in a future effort.
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V. STUDY OF THE COUPLED TRANSMISSION-LINE MODEL

In the preceding Section IV, a coupled two-conductor-

transmission-line model was developed to represent the Marx

and peaker system above the ground plane. This two-conductor

model will be utilized in this section to obtain sample out-

put waveforms for the case of step excitation (Figure 18

associated with Table 4). The output voltage VL(t) across

the load ZL ( 150 2) is computed using the well established

code QV7TA described in Reference [15]. This code was develop-

ed to permit a transient analysis of relatively general multi-

conductor transmission-line networks which are subject to

either lumped source (like in tne present application) or dis-

tributed field excitation. The input quantities are the geo-

metry and the per-unit-length inductance and capacitance matrices.

Since the code is based on detailed theoretical considerations

of multiconductor transmission lines [12], the method of solu-

tion is not reproduced here. For the present case of two con-

ductor transmission line, analytical approximations for VL (t)

can be obtained, but it was found efficient to simply use QV7TA

for getting the load voltage (or current).

1. Two Velocities

Designating the equivalent peaker conductor by subscript

1 and the Marx conductor by subscript 2, the per-unit length

matrices are denoted by

(L, = 11 12 (Cn ) = 2 C2 (48)
nm (L~l L 2 +L) nm C C 2 /

As was derived earlier, the two velocities of propagation are

given by

(L' LII)
v= c and v 2  c 1 + ,L , (49)2 (Li1 L2 2 i{2 L 1)

58



It is noted that if the additional Marx inductance L' is

neglected, the two velocities become identically equal to c,

as one would expect. One can pursue this two-conductor model

analytically to obtain the wave amplitudes. However, instead

of this approach, for the present purposes, we have chosen

to use the QV7TA code to analyze the two-conductor model, with

the goal of computing the voltage VL(t) across the load.

2. Waveform Optimization

The load ZL (= 150 6) across which the output waveform

is computed represents the simulator. Hence this waveform

is indicative of the transient waveforms launched onto the

simulator plates. The Figures 19, 20 and 21 respectively show

the load voltage VL(t) for the three cases corresponding to

Np = 6, 7, 8. The parameters of the equivalent peaker conductor

are shown in the title of each figure. The top figures 19a,

20a and 21a are with the additional Marx inductance neglected

and the bottom Figures 19b, 20b and 21b include the effect

of the additional Marx inductance and the two modes of propaga-

3. Optimum Number of Peakers

It is clear from even a quick look at the effect of the

additional Marx inductance in the bottom three figures, for

the cases considered at least, this inductance has a signifi-

cant adverse impact on the wave transport within the pulser

system. A more careful examination of the figures also indi-

cates that more numbers of peakers contributes to the quality

of pulser output. First, the Marx and peakers are assumed to

be parallel to the ground plane. In reality, they are not,

indicating the need for more calculations of the present

nature at other cross sections along the coupled transmission

line formed by the Marx/peaker systems. Second, the Marx and

peakers are modeled by cylindrical conductors. This

approximation is not expected to be serious since the

conformal transformation method uses line sources and the

physical conductor is an equipotential surface.

59



1.25

1.0

(a) L~s0

.5

t (ns) -

o0
VV 25 so 75 100 125 150

1.25

1.0

(b) Lt4%0

.51

t (na) -

0+
25 5o 75 100 125 150

Figure 19. Pulser output V L (t) waveform with

Marx at (0,+1) and effective peaker

at (0,.7) for N 6
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Figure 20. Pulser output V L (t) waveform with

Marx at (0,+1) and effective peaker

at (0,.62) forN =7
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Figure 21. Pulser output VL (t) waveform with

Marx at (0,+1) and effective peaker

at (0,.56) for Np=8.
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In conclusion, it is observed that this report has

placed the emphasis on developing the analytical tools for

optimizing the peaker arms. The application of these methods

to the actual facility parameters, coupled with some of the

engineering modifications recommended in the following section,

can contribute significantly to improving the pulser performance

in the ATLAS I (TRESTLE) facility.
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VI. RECO IENDATIONS FOR FUTURE WORK

The overall electromagnetic geometry of a pulser

would necessarily involve impedance matching across each

interface, as well as the transverse field distribution

that matches as closely as is feasible to the next section

of the pulser. This and other such criteria point toward

a need for extensi.ve and careful experimentation that

would also bring out and resolve relevant problems. Some

of the important experimental problems are listed and briefly

discussed below.

1. Construct at PTF:

Construction of a PTF for full scale impedance hardware

testing should be pursued to provide the means of testing

production hardware outside the simulator facility. It

would also be a valuable tool for maintenance testing

of pulsers, and for refining or evaluating the performance.

2. Continue Analytical Studies:

In a few respects, there is a similarity of problems

with the pulser and the simulator proper, while the pulser

is viewed as a transmission line or wave transporting

electromagnetic structure. At various interfaces, they

both require analyses, leading to a better understanding

of the interface properties in terms of computing (and

possibly measuring) transverse field distributions, and

adding compensating lumped elements or other engineering

modifications to the structure. Another area, where

analytical studies should continue, is to extend the

calculations of the pulser output waveforms in this report,

by an application of the theory of multiconductor transmission

lines and asociated existing computer codes [12,151.

Furthermore, carefully planned experiments often point

out what further aspects of the pulser need to be analyzed
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and which other 5"-nthesis (design) concepts need to be

developed.

3. Build Scale .Iodel Pulser Components:

The modeling of the output switch and the transit4-on

can be the first in a series of modeling tasks. For

example, several cones with circular and noncircular

cross sections can be built and can be evaluated in mock-

up experiments for their impedance as well as pulse-

rise characteristics. The low impedance of the present

monocone switch t,d the transition goemetry from the

output switch to the peaking capacitor arms is the most

serious proble.L Ctrea with respect to rise time degradation.

Fortunately, this crea is also the easiest part of the

problem to model. If onc were to build a one-fifth scale

model with sufficient transmission line to give 10 or

20 nanoseconds of measurement clear time, this area could

be optimized rea:onably fast. The cone tilt angle and

ground plane shapinc; could be evaluated much easier on

the model than oii the facility. Once the optimum configura-

tion is establishe~d, then the fasibility of modifying

the facility can be carried out with more confidence.

The next addition to such an experimental study would

be to add the aock-up transitions and varying them. Addi-

tion of Marx generator and peaking capacitor arms leads

to difficulties ii modeling, but can be done with some

careful throuaht. The peaking capacitors could be made

up of unimpregnated windings with the length of the

winding adjusted to provide the same transit time character-

istics as an impreanated winding. Using dry windings

banded with tape instead of cased would minimize cost

also. The posiuioa of the peaking capacitor arms could

be easily varied in this model and the results compared

to the calculations. If the correlation is good, it

will validate the theoretical approach of the peaker
arm optimization. Scale modeling is always a much more
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cost effective approach to resolving problems than trying

to reconfigure the actual hardware.

4. Electrical Characterization of Peakers

The work done years ago on peaker arm characterization

(see Appendix A) should be purused and a coaxial geometry

can be considered in which the peaker arm will essentially

become the inner conductor. By an application of the

theory of coaxial cransmission lines with lossy inner

conductor, peaker arn electrical parameters can be experi-

mentally determiiied at various frequencies. In this

study, a lot of valuable data could also be obtained

on dry capacitors at low voltage to avoid the expense

of completely maufactured capacitors.

5. Explore Using Better HV Components:

Experimental evaluation of the benefits of using state-

of-the-art components, e.g., better high-frequency capacitors

illuminated tricriering switches need to be pursued. In

this regard, damping of unwanted resonances between peakers,

or between Marx/peaker system, could be experimentally

optimized by add~ng resistors or cross-strapping peakers

to raise the resonant frequencies.

6. Experiments in the PTF:

After a successful optimization of components with

the mock-up, the actual hardware with the modifications

incorporated, should be evaluated in the PTF. This evaluation

carried out at the fully rated voltage levels provides

the basis for eventual modifications in the simulator

facility.

7. Other Configurations:

The Marx pulser used in ATHAMAS II (or VPD II) facility

wherein the central Marx column and the peaking capacitor

system situated bj.1Iw the facility ground plane, has

exhibited better cL6e characteristics. Of course, the
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peaking capacitor in this case is a compact coaxial water

dielectric store situated in the ground plane at the

virtual apex of the facility morocone structure. Its

low impedance in combination with its small dimensions

provides for the system high frequency performance, contribut-

ing towards a pulse rise time of bettern than 8 ns.

Mock-up of such systems can be built and evaluated.

Although a major r2configuration of the pulser system

in ATLAS I (TRES'2LE) facility may be impractical, such

studies are usefu.l as design options, for future simulator

facilities.

8. Study of Pulser Arrays:

It is emphasized that pulser frequency spectrum is

very important to the quality of simulation. Environmental

improvements can be derived by increasing the number

of pulsers (Ref. 5), in the form of two arrays (4 x 4 each).

However, the puls-c arroy qeometry affects the high frequencies

significantly, calling for careful paper-studies. Large

pulsers and pulser arra,3 can not be considered (Ref. 2)

as point or ideal sources for launching high frequency

TEM waves on cylindrical or conical transmission line

structures. One of the options that can be considered

is a 4 x 4 array of the pulser modules feeding each of

the two conical input transitions on the sides of the

central ground plane wedge of ATLAS I (TRESTLE) facility.

While this doubles the voltage for each conical transmission

line, one should allow for some high frequency degradation.

Clearly, this aspect of pulser technology dealing with

arrays needs further investigation.

67

'I



REFERENCES

1. C.E. Baum, "Pulse Power Problems with Respect to EMP
Simulators," Pulse Power Memo 1, 5 June 1977.

2. C.E. Baum, "Electromagnetic Considerations for Pulser
Design," ATLAS Memo 10, 6 April 1974.

3. C.E. Baum, D.F. Higgins and D.V. Giri, "Pulser Test

Results and Preliminary Estimation of Transient
Electric Field Waveforms in ATLAS I," ATLAS Memo 18,
7 October 1976.

4. J.P. Castillo, K.C. Chen and C.E. Baum, "Relation of Rise
Time Definitions for Various Waveforms," ATLAS Memo 20,
4 November 1976.

5. C.E. Baum and D.V. Giri, "Environmental Improvements in
ATLAS I Derivable from Potential Pulser Improvments,"
ATLAS Memo 21, 13 December 1976.

6. C.E. Baum, D.V. Giri and K.C. Chen, "An Overview of EM
Considerations of ATLAS in the Context of Current and
Future Efforts," ATLAS Memo 22, 5 January 1977.

7. R.W. Latham, M.I. Sancer and A.D. Varvatsis, "Matching a
Particular Pulser to a Parallel-Plate Simulator,"
Circuit and Electromagnetic System Design Note 18,
November 1974.

8. C.E. Baum, "The Conical Transmission Line as a Wave
Launcher and Terminator for a Cylindrical Transmission
Line," Sensor and Simulation Note 31, January 1967.

9. W.R. Smythe, Static and Dynamic Electricity, McGraw-Hill
Book Company, Inc., New York, 1950.

10. S.A. Schelkunoff and H.T. Friis, Antennas: Theory and
Practice, Wiley 1966, Section 4.6, pp. 104-106.

11. C.R. Paul and A.E. Feather, "Computation of the Transmis-
sion Line Inductance and Capacitance Matrices from
the Generalized Capacitance Matrix", IEEE Trans. on
Electromagnetic Compatability, Vol. EMC-18. No. 4,
pp. 175-183, November 1976.

12. C.E. Baum, T.K. Liu and M.F. Tesche, "On the Analysis of
General Multiconductor Transmission-Line Networks",
Interaction Note 350, November 1978.

68

* .



REFERENCES

13. C.E. Baum, "Impedances and Field Distributions for
Symmetrical Two Wire and Four Wire Transmission
Line Simulators", Sensor and Simulation Note 27.
10 October 1966.

14. C.E. Baum, "Impedances and Field Distributions for
Parallel Plate Transmission Line Simulators",
Sensor and Simulation Note 21, 6 June 1966.

15. F.M. Tesche and T.K. Liu, "User Manual and Code Descrip-
tion for QV7TA: A General Multiconductor Transmission-
Line Analysis Code", Interaction Application Memo 26
August 1978.

69

L.



APPENDIX A

TRESTLE PULSER MODULE
TECHNICAL MEMORANDUM

ON
ANALYSIS OF TRESTLE PEAKING CAPACITORS

OVER THE FREQUENCY RANGE OF
1 to 100 MHz

In this Appendix, TRETM-12 document, which was originally
prepared by Maxwell Laboratories, in July 1974 has been includ-
ed in its entirety. This document deals with the analysis of
peaker arms in the frequency range of 1 to 100 MHz.
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INTRODUCTION

The peaking capacitor has been identified as a potential

source of some of the performance problems observed in the

prototype pulser. Therefore, a complete experimental and

analytical investigation has been initiated to identify all

potential problem sources within the peaking capacitors.

The output waveform from the prototype pulser as measured

in the PTF is shown in Figure A.l. The problems of concern

are as follows:

1. The prepulse measured is approximately 35 percent

higher than predicted in the original design analysis.

While this is not a critical problem it does reduce the

amplitude of the fast rise portion of the pulse, which trans-

lates to a loss of high frequency energy. The prepulse was

analyzed in TRETM 3, which concluded that the prepulse could

be reduced about 20 percent by shortening the peaking capacitors

by a factor of 2. This design change was rejected at the

time because of the voltage flashover problems discussed in

TRETM 1.

2. The severe dip in the waveform just past peak results

in a significant loss of energy in the frequency domain between

10 and 20 MHz.

The dip in the waveform of Figure A.1 is typical of a

peaking circuit output when the output switch is closed later

than the optimum time or, where the value of the peaking capacitor

is too small.

A test series covering a matrix of peaking capacitor

values and switching times is being accomplished. The objective

is an empirical evaluation and selection of the optimum switching

time and peaking capacitor value.

The results of this testing will be reported in a separate

TRETM. The initial indications are that the dip can be eliminated

by increasing the value of the peaking capacitor system from

270 pF to 606 pF. However, all analysis of the circuit and
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calculations based on the circuit parameters indicate that

the proper value should be 270 pF. Therefore, until this

disagreement is resolved, it cannot be concluded that increas-

ing the peaking capacitor value is the proper course of action

to correct the problem.

3. The risetime is significantly slower than that required

to meet the performance goals.

This problem is the one of most critical concern. Part

of the risetime problem has been attributed to the geometry

of the output switch and steps have been taken to improve

performance in this area. The discussions covering the switch

problem are presented in TRETM's 4 and 5. The change involved

convering from a bicone geometry to a monocone geometry for

the output switch.

The slow risetime implies the absence of high frequencies.

The TRESTLE Pulse Module is designed such that the peaking

capacitors form one plate of the conic transmission line between

the output switch and the PTF. Therefore, to preserve the

high frequencies launched by the output switch at the output

of the pulser, the peaking capacitors must pass all frequencies

of interest with a minimum of attentuation and delay.

It is apparent in the test data to date that the output

switch spark channel is generating a sufficient risetime to

achieve the pulser performance goals. It has been established

that reflections in the bicone switch, and diffraction from

the transition between the switch and peaking capacitors is

degrading the switch risetime. It has not been determined

what effect, if any, the peaking capacitors have on the risetime.

This is the subject of this TRETM.

ANALYSIS OBJECTIVE

It is the objective of this analysis to look at the peaking

capacitor in terms of performance over the frequency range

of 1 to 100 MHz. The analysis will be pointed toward identifying

all characteristics of the capacitor that may be related to

some frequency within the range of interest. The results of
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the analysis will then be compared to the results of :.)oratory

tests conducted on the peaking capacitors. The tests conducted

and data obtained are presented in TRETM 11.

The ultimate goal of the analysis is to present a firm

conclusion and recommendation, with respect to whether a re-

design of the peaking capacitor is necessary to meet the TRESTLE

performance requirements.

CAPACITOR DESCRIPTION

The capacitor is a standard MLI product, Catalog Number

31261. The published characteristics are as follows:

Capacitance: 0.000606 VF ±10%

Voltage: 550 KVDC, Pulse Charge

Inductance: 300 nH

Voltage Reversal: 20%, Maximum

Temperature Range

Operating: 140 F to 1130 F

Storage: -40OF to 113 0F

Weight: ' 7.8 pounds

These characteristics are normally all that are of interest

when specifying a capacitor. Performance with respect to

frequency is not given, nor has it ever been analyzed. The

capacitor used in TRESTLE was selected based on its use in

the TORUS Pulser, where there was no apparent problem due

to the peaking capacitors.

The type of construction used in the capacitor is essentially

standard. The method of holding the capacitor windings together

and portions of the impregnation process are unique to the

TRESTLE capacitor. Some of the processes are patented by

MLI.

Physically the capacitor and its internal configuration

are shown in Figure A.2. The pad shown in A.2a is the basic

element of the capacitor. 15 of these pads are assembled

into the subassembly shown in Figure A.2b. Then 5 of the
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Figure A2. Peaking capacitor assembly.
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subassemblies are assembled into the capacitor case as s!,own

in A.2c. The capacitor is then put throug'- the impregnatioi,

processes and the dimensions of the final assembly are shown

in A.2d.

Thus, the capacitor contains 75 pads connected in series

to achieve the final operating voltage of 550 kV.

ANALYSIS OF PEAKING CAPACITORS

The peaking capacitors being a part of the high frequency

circuit for the pulser module must either be identified or

eliminated as part of the risetime problem. Since there is

not existing data on the characteristics of the peaking capa-

citors with respect to frequency, these must be determined

before any conclusions can be drawn.

The best place to begin is with the smallest element

of the capacitor, which is the basic winding or more commonly

referred to as the pad.

CAPACITOR WINDING

To begin with, consider the winding before it is wound

into a pad. Figure A. 3a shows the two active foils. The dimen-

sions of the foils and spacing between them is also given

in Figure A.3a.

For some frequencies, the pad can be considered a parallel

strip line. The dielectric constant, v/7 , in the strip line

for this dielectric system is 4.25. The impedance of this

strip line can be approximated by:

377 bZpad aA)

where

a = the width of the foils.

b = the separation of the foils.
= the dielectric constant between the foils.

377 = the impedance of free space.
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Figure A3. Peaking capacitor characteristics.
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Thus for the TRESTLE pad

z 377 x 5.7 x 10 - 3

pad 4.25 x 3.8 (A. 2)

-1
= 2.7 x 10 Ohms

The electrical length of the strip line is somewhat

longer than its physical length due to the dielectric con-

stant between the foils. This also can be approximated by

T 30 (A.3)

where

T= the transit time in nanoseconds.

= physical length of line in centimeters.

E= the dielectric constant.

30 = velocity of light in cm/ns.

Thus

T = 114.3 x v4.25Tz = - 30

(A.4)
- 7.9 nsec

So far the pad has been treated only as a flat strip line.

The impedance and transit time of the pad are both modified by

placing the tabs at the center of the line. By doing this and

looking into the strip line at the middle, it now looks like a

line that is half as long and half the impedance. Therefore,

the strip impedance is now 1.4 x 10- ohms, and has an electrical

length of about 4 nsec.

The capacitance length of the line is modified again, how-

ever, when the pad is rolled to use in the capacitor. As shown

by the arrows in Figure A.3b, when the pad is rolled, another
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strip line is formed between the turns of the winding. This is

shown in simple schematic form in Figure A.4

The effective length of the line is modified again, however,
when the pad is rolled to use in the capacitor. As shown by the

arrows in Figure A.3b, when the pad is rolled, another strip line

is formed between the turns of the winding. This is shown in

simple schematic form in Figure A.4.

The capacitance and transit time of the pad are both

approximately doubled when the strip line is rolled.

To this point, the following parameters for a single

pad have been established.

ZPad 1.4 x i0- Ohms.

T = 7.9 nsec.

C = 45.5 nF (606 pF x 75 pads)
Pad

Knowing ZPa d and C Pad, the inductance of the pad can be

estimated from:
L Pad

Zpad (A.6)

where

TPad l Pad oPad
= 1.4 x 10- 1 4 . x 0 8

x . x 1 (A.7)
= 9.0 x 10 -10 H = 0.9 nH

The parameters established so far can now be related

to frequency and those frequencies identified that may be

of interest.

The length of the pad as a transmission line is of

special interest. The frequency at which the line represents

a full wavelength is
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Figure A4. Schematic representation of rolled pad as
transmission line.
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S T.

Z (A.8)

= 126.6 MHz

1/2 wavelength

fN/2 2T,
- T (A.9)

- 63.3 MHz

1/4 wavelength

1
N/4 4TZ (A.10)

= 31.7 MHz

Another frequency of interest is the lumped element

resonance of the pad inductance and capacitance.

From
1

f =2 L C
Pad Pad Pad

we have
1

fPad =

2 i v". .0 x 10 10 x 45.5 x 10 9

- 24.9 MHz

Thus, so far the following frequencies can be associated

with the capacitor pads:
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24.9 MHz - Lumped element resonance.

37.1 MHz - 1/4 wavelength line.

63.5 MHz - 1/2 wavelength line.

126.6 MHz - full wavelength line.

It would appear from this, that for frequencies above

31.7 MHz, where the peaking capacitors begin to look like

transmission lines connected in series, that its character-

istics become very complex and difficult to analyze. This

is further complicated by having 75 pads in each capacitor

and a total of 675 pads in each peaking capacitor arm.

To this point, only a single pad has been considered

in the analysis. The analysis so far indicates a pad could

be represented as the lumped circuit shown in Figure A.5a

up to frequencies of about 30 MHz. Above 30 MHz, it would

be more properly represented by a transmission line as shown

in Figure A.5b.

PEAKING CAPACITOR

As mentioned before, a peaking capacitor is made by con-

necting 75 pads in series. The next step in the analysis is

to determine what changes or additional characteristics may

show up when this is accomplished.

For the single pad, no consideration was given to the

connection tab inductance. When the pads are connected in

series, this inductance is a part of the total series induc-

tance of the capacitor. In fact, it is usually the largest

inductance in the capacitor. The total series inductance of

the capacitor has been established through test and measure-

ment to be about 270 nanohenries.

The inductance of the pad was estimated at 0.9 nanohenries

from the previous impedance calculation. The inductance of

75 pads in series would be 67.5 nanohenries, leaving 202.5

nanohenries unaccounted for in the capacitor. If this is

assigned to the connecting tabs, it amounts to 2.7 nanohenries
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LPad  0.9 nH

C d  45.5 nF R = 10 Ohms
PadT Insulation

a. Circuit for Frequencies below 30 N[Hz

R = 10 O0hmsm
Z - 0. 140 Ohms RInsulation109Om

f = 7.9 nsec

b. Circuit for Frequencies above 30 MHz

Figure AS. Equivalent circuits for pad.
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of tab inductance per pad. This is not an unreasonable value

for the 1/2 inch tabs, and so for the time being, will be used.

The stacking of pads in series and the addition of tab

inductance creates a new complexity in the analysis. Figure A.6

shows a lumped element equivalent circuit of the peaking capa-

citor with the inductance of the connecting tabs, LTab' between

the individual pad circuits.

A condition now exists where LPad + LTab establishes another
resonant frequency, which is also the resonant frequency of

the total peaking capacitor, f

~pc 2npc
f 1
PC 27 V(/ Pad + LTab) x CPad

1

2Tr/(2.7 + 0.9) x 10- 9 x 45.5 x 10
- 9

12.4 MHz (A.13)
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Pad ~7 Inuain H0Om

_ LTab 2. 7nH

_ Ta~b =0.9 nH

Cpd.Pad 45.5 UF R Insulation =10 8 Ohms

Pad 2

Pad 75

0T

Figure A6. Lumped element equivalent circuit of
peaking capacitor.
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TABLE Al. RESULTS OF AMPLITUDE/PHASE TEST

SINGLE r.AKING CAPACITOR 9 CAPS SERIES

V v

V Phase Total .Ut out

Freq. Vout Shift lY V.t

Mliz in Out ns/deg ns Calculatud Measured d

1 .34 +73.4 2.780 -200.0 .00 .01 40.0
2 .57 -60.6 1.390 - 84.0 .01 -- --

3 .72 +49.4 .926 - 46.0 .05 .. ..

4 .76 -39.9 .694 - 28.0 .08 -- --

5 .87 +31.5 .556 - 18.0 .29 .03 26.0
6 .90 +24.3 .463 - 11.0 .30 -- --

7 .93 .18.6 .397 - 7.4 .52 .. ..

8 .94 -13.0 .347 - 4.5 .57 .. ..

9 .95 + 7.9 .309 - 2.4 .03 -- --

10 .96 + 3.2 .278 - .9 .69 .17 15.4
11 .97 - 1.1 .253 .3 .76 .22 13.2
12 .97 - 5.2 .231 1.2 .76 .30 10.5
13 .98 - 9.6 .214 2.1 .83 .40 8.0
14 .98 -13.4i .193 2.? .83 .44 7.1
15 .98 -17.8 .185 3.3 .33 .66 3.6
16 .98 -22.1 .174 3.8 .83 .72 2.9
17 .97 -27.2 .163 4.4 .76 .70 3.1
18 .96 -32.3 .154 5.0 .69 .61 4.3
19 .92 -37.8 .146 5.5 .47 .45 G.9
20 .83 -43.2 .139 6.0 .10 .22 13.2
21 .70 -37.5 .132 5.0 .04 .04 28.0
22 .67 -30.0 .126 3.3 .03 .01 40.0
23 .69 -21.8 .121 2.6 .04 .00 >40.0
24 .72 -24.1 .116 2.8 .05 .02 34.0
25 .68 -18.0 .111 2.0 .03 .02 34.0
26 .79 -12.2 .107 1.3 .12 .06 24.4

27 .87 -18.0 .103 1.9 .29 .18 14.9
28 .90 -21.5 .099 2.4 .39 .34 9.4
29 .93 -28.7 .096 2.8 .52 .48 6.4
30 .94 -32.5 .093 3.0 .57 .54 5.4
35 .96 -47.3 .079 3.7 .69 .69 3.2
40 .96 -59.8 .069 4.2 .69 .G9 3.2
45 .97 -72.1 .062 4.5 .76 .70 3.1
50 .97 -88.0 .056 4.9 .76 .69 3.2
55 .93 -92.2 .051 4.7 .83 .G7 3.5
60 .98 -100.4 .046 4.6 .63 .65 3.7

65 .97 -109.4 .043 4.7 .76 .60 4.4
70 .95 -121.3 .040 4.9 .63 .54 5.4

75 .93 -137.0 .037 5.1 .52 .43 6.9
80 .87 -146.3 .035 5.1 .29 .22 13.2
85 .74 -151.4 .033 5.0 .07 .07 23.1
90 .83 -155.3 .031 4.8 .19 .25 12.0

95 .90 -165.q .029 4.8 .39 .36 8.9

100 .92 -177.6 .028 5.0 .47 .42 7.5

105 .93 -188.0 .026 4.9 .52 .43 7.3
110 .94 -200.0 .025 5.0 .57 .38 8.4
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APPENDIX B

LOW VOLTAGE SPRING TESTS

(March - April 1974)

In this Appendix, we have reproduced with the kind

permission of Mr. Floyd R. Graham of Maxwell Laboratories,

the Appendix D of Maxwell Lab.'s Report No. MLR-483, dated

November 1975. The results of the prototype pulser module

testing in the PTF were discussed in that report and the

Appendix deals with the three basic experimental tests

performed in the PTF.
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LOW VOLTAGE SPRING TESTS (MARCH-APRIL 1974)

A. INTRODUCTION

1. Background

This appendix presents the results of three basic tests per-

formed at the PTF and referred to collectively as the low voltage spring

tests. The three tests were sequential in nature directed at the estab-

lishment of a decision making data base relative to design changes for

improving pulser performance and establishing ideal pulse performance in

the PTF versus the horizontal simulator. The experiments discussed in

this appendix were executed in parallel with an analytical effort

directed at providing a similar data base to that provided experimentally

so that compatibility between analytical and experimental results can be

demonstrated. Once this basic compatibility has been demonstrated, the

prediction of the expected pulser performance in the horizontal simulator

can be made with established confidence levels.

The three experimental tasks covered in this appendix can be

summarized as follows:

(1) Conic Test - Peakers and switch replaced with conic

section having best impedance match with output tran-

sition for the PTF geometry (125 ohms).

(2) Peaker Test - Peakers replaced with 2-1/2-inch aluminum

tubes and tube geometry varied to minimize the impedance

mismatch.

(3) Cone Test - Vary monocone impedance and tilt angle to

minimize impedance mismatch and compare with the bicone

configuration.
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2. Objectives

The objectives of the three basic test configurations con-

sidered in this appendix are summarized according to each test in the

following:

(1) Conic Test - The objective of the conic test was to

determine the effects of the output transition and angle

bend on pulser performance.

(2) Peaker Test - The objectives of this test were to deter-

mine the optimum peaker geometry and the difference, if

any, between the optimum geometry for the actual peakers

or conducting tubes.

(3) Cone Test - The objective of the cone tests was to

determine the optimum configuration and cone angle output

switch cone. Waveform performance sensitivity to switch

impedance was also investigated.

3. Evaluation Criteria

Two criteria were used to evaluate the various pulser configu-

rations. One was risetime and the other was waveform integrity. A con-

figuration yieldiny tie smallest risetime with minimum waveform pertur-

bations due to reflected or diffracted components was judged as superior.

The time of arrival of a waveform perturbation due to diffrac-

tion or reflection relative to the waveform epoch can help identify the

source of waveform degradation. Thus, time difference is used frequently

in this appendix as a diagnostic tool.

Four field monitor locations were used in these tests. These

locations provide two functions. One is to remove ambiguities in the

time difference diagnostic. The other is to record the waveform varia-

tion as a function of position.

89

CI



IT

B. PULSER CONFIGURATIONS

1. PTF Geometry

The geometry and dimensions of the PTF, giving the relative

field sensor locations, is illustrated in Figure D-l. This figure

indicates that there are three basic field measurement locations PI, P2'

and P Locations PI, and P2 were specified in the statement of work

while P3 was added to facilitate the interpretation of the data. Sensors

were added at locations P and P to provide primarily diagnostic informa-

tion on pulser performance.

2. Pulser Geometries

To facilitate the interpretation of the test results, the

geometry and dimensions of each of the test configurations used during

these tests will be presented here.
a. Conic Test

Figure D-2 illustrates the geometry and dimensions in the

vicinity of the pulser during the 125-ohm matched plate tests. All

dimensions are given in feet. The matched plate conic consisted of two

sections bolted together, a triangular section 8 feet long and a trapezoidal

section 16 feet long.

b. Conducting Tube Tests

I) Tubes Level With Bottom of Output Transition

Figure D-3 illustrates the geometry and dimensions

of the test setup during the tests conducted with aluminum tubes replacing

the peakers and installed level with the bottom of the output transition.

The aluminum tubes were 2-1/2 inches in diameter and approximately 15

feet long. Connection to the switch and pulser unit was accomplished

using the same short triangular conic section (8 teet long) as for the

matched plate tests.
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OUTPUT TRANSITION

CAPACITOR AND
SWI TCH

TR IANGLAR 
PEAKERS

CONIC SECTION
10.7-

812.6, 19,4.

L - - 32.2'

Figure 0-3. Test configuration for peaker/conducting tube
evaluation (aluminum tubes level with bottom
of output transition).
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2) Tubes 14 Inches Below Bottom of Oitput Transition

The geometry and dimensions of the test setup used

during the tests performed with aluminum tubes mounted 14 inches below

the bottom of the output transition are illustrated in Figure D-4. Wire

braid straps connected the tubes to the back of the output transition.

c. Cone Tests

1) Bicone

Figure D-5 illustrates the geometry and dimensions

of the test setup using the bicone switch. Connection between the

bicone and peaker arms was accomplished with wire braid.

2) 88-Ohm Monocone - vertical

The geometry and dimensions of the test setup during

the 88-ohm "vertical" monocone tLsts is depicted in Figure D-6. >e

monocone was connected to the peaker arms by wire braid. The cone half-

angle for the 88-ohm monocone was approximately 210.

3) 88-Ohm Monocone - Tilted

Figure D-7 illustrates the geometry and dimensions

of the tilted 88-ohm monocone test configuration. The inclination of

the cone axis with the local ground plane vertical was about 47° .

4) 125-Ohm Monocone - Vertical

The geometry and dimensions associated with the 125-

ohm "vertical" monocone test configuration are illustrated in Figure

)-8. The 125-ohm half-angle is about 150.

5) 125-Ohm Monocone - Tilted

Figure D-9 illustrates the geometry and dimensions

of the test configuration associated with the 125-ohm tilted monocone

tess. The inclination of the cone axis from the local ground plane

vertical was approximately 50'.

3. S%.,itch Geometry

Figure D-10 illustrates the test configuration of the pulsing

unit and switch typical of all the low voltage tests. The pulser con-

sisted of a pair of charged capacitors wFlch were discharged. The
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CAPACITOR AND

SWIC;, ~ 12.8- (~ 22 19.4-G~ 1

Figure D-4. Test configuration for peaker/conducting tube
evaluation (aluminum tubes 14 inches below bottom
of output transition).
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OUTPUT TRANSITION

SICONE

___0,7 ____ 3 (P8)) G(P 1)

3.12.8' 19.1.'

Figure D-5. Test configuration for bicone evaluation.
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10.2'

nITn'iff TPANSITI""1

t.)~7,.PEAKEtS

LS CAPACITOR AND SWITCH

PipF( ) (P)

A. ,7d.. 2.8'32.2'

Figure 0-6. Test configuration for 88-Ohm vet. ionocone
evaluation.
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10.2'

OUTPUT TRANSITION

PEAKERS

S
-CAPACITUIA SWITCH F(PS) G(P)

10 7- E yP

32.2'

Figure D-7. Test configuration for 88-Ohm tilted monocone
evaluation.
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OUTPUT TRANSITION

125-ONI-4 VERTICAL D

MONOC ONE

A PEA P. S

S, 4 -~ CAPACITOR ANDO SWITCH (
10 It7, (P. FP ) GP

Figure D-8. Test configuration for 125-Ohm vertical
monocone evaluation.
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INTERFACE WITH RE.MAI'!I)I r
or SYST[CM MADI HrRE -7

31,

SWITCH

2 1/2"

Figure D-10. Switch geometry.
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charging voltage across the switch was approximately 42 kV for those

tests. A summary of the electrical characteristics of the low voltage

spring test configurations appears in r.ble 0-1.

C. INSTRUMENTATION

I. Sensor Locations

Figure D-1 illustrates the geometry and dimensions of the PTF

along with the locations of all sensors used during the low voltage

spring tests. The locations of the sensors relative to the bend in the

ground plane are summarized below.

DISTANCE FROM BEND IN

SENSOR DESIGNATION GROUND PLANE (FEET)

OUTPUT SWITCH VARIABLE (NOMINALLY 4.5 FEET)

P O1.0

P8 12.8

PI 32.2

P2  85

2. System Schematic

Figure D-10 is a simplified schematic of the time domain data

acquisition system at the PTF applicable to all the low voltage spring

tests.

3. Instrumentation System Performance

Instrumentation system performance can be summarized in terms

of its sensitivity, accuracy, bandwidth, and risetime. The only signifi-

cant performance criteria for this test series are the risetime degrada-

tio- 1.e to the instrumentation. The system sensitivity and accuracy is

essentially the same as that described inAppendix B. System bandwidth

is a corollary to system risetime which is described below.
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TABLE D-2. SUMMARY OF ELECTRICAL CHARACTERISTICS

CHARACTERISTICS VALUE

PEAKING CAPACITANCE 270 pF

NUMBER OF PEAKING CAPACITOR ASSEMBLIES 4

NUMBER OF SERIES CAPACITORS PER PEAKING
CAPACITOR ASSEMBLY 9

PULSER OUTPUT VOLTAGE -42 kV

RISETIME OF PULSER - 2 ns

CAPACITANCE OF PULSER .22 uF

SWITCH INDUCTANCE .25 wH
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System risetime degradation calculations are described in

Appendix B and its addendums*. In the present case, degradation due to

the oscilloscope, a Tektronic 485 with a 350 MHz bandwidth, and the

sensors, either a MGL-4 or MGL-5 with upper frequency cutoffs of 230 MHz

and 700 MHz respectively, provide negligible risetime degradation when

considering inputs with risetimes greater than 3 nanoseconds. The

remaining source is the approximately 300 feet of 7/8-inch Foamflex

cablf. Thus cable has about 1.5 dB attenuation at 100 MHz. The worst

case risetime degradation is about 2 nanoseconds. More detail is given

in the addendum to Appendix B.

D. TEST RESULTS

1. Test Data

a. Introduction

Addendum 1 of this appendix presents the photo reproductions

of all pertinent test data for the low voltage spring tests. No further

pictorial presentation of this data will be provided here except as

required in emphasis of particular points concerning the waveforms.

Addendum 2 summarizes, in table form, the waveform ch3racter-

istics of the photo reproductions of the test data. These tables summarize

the primary characteristics of the data such as peak voltage, risetime,

e-fold time, and reflection and diffraction peaks. Figure I of Addendum

2 shows definitions used in those parameters. Also summarized is the

identification and scale information concerning each piece of data

presented.

Finally, Addendum 3 presents a summary of the times of

transit, either transmission line or diffraction, for each of the con-

figurations of this set of tests. Where it is felt applicable, both the

transmission line transit times and the diffraction transit times are

listed. The characters across the top horizontal row and down the first

column represent locations of various interfaces of each configuration.

*Addendums 1, 2 and 3 are not included in this report. Refer to Maxwell

Laboratory Report No. MLR-483, Nov 1975.
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The tables are read by choosing an origin from the set of characters in

the first column and then moving along the row to which this character

belongs until the appropriate terminal block is reached. This block

gives the one-way transit time (transmission line or diffraction) from

the origin character to the terminal character. The character representa-

tion of each configuration is keyed to the sketch of the configuration

appearing at the bottom of each summary table as well as on the detailed

configuration figures presented earlier.

b. Summary of Reflection/Diffraction Results

Tables 0-' thrc,_t' n-9 Pre provided to combine the results

of Addendums I, 2, and 3 concerning the specific waveform characteristics

of reflection and diffraction peaks. The first column of each table

lists the location at which the results apply, while the next two columns

indicate the measured time delays between the initial incidence of the

pulse at the sensor and the time of the arrival of the first contributions

from a reflection or diffraction in the configuration under study. The

fourth column lists the calculated arrival times from the most probable

sources of reflection or diffraction as derived from the delay times

presented in Addendum 3. Finally the last column gives a possible

interpretation in g2neral terns concerning reflection cr diffraction at

various interfaces within the configuration.

c. Evaluation of Interface Problem Areas

1) 125-Ohm Matched Plate (Reference Figure D-2)

Table D--; si-arizet , he i. ordl o" , ecessary for

evaluating the quality of interfaces in the 125-ohm matched plate geometry.

Due to the nature of this configuration, it is particularly well suited

for interpreting the effects of the output transition on the pulse wave-

form characteristics.

As one should expect from a geometry such as that

associated with the matched plate, the only major diffraction or reflection

peaks on the transmitted waveforms occur in the region where both impedance
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TABLE D-6. WAVEFORM INTERPRETATION OF 88-OHM MONOCONE (VERTICAL)

CALCULATED
MEASURED NEAREST

SENSOR IST TIME REPETIIIVZ TRANSIT
LOCATION O0CILLATION 3SCILLATION TIMES INTERPRETATION

SWITCH 8.6 8.8 REFLECTION FROM INTERFACE OF MONOCONE AND
CONNECTING STRAP.

11.8 116 REFLECTION FROM INTERFACE OF CONNECTING STRAP
WITH LOWER END OF PEAKERS

43 I2 5 42.6 REFLECTION FROM INTERFACE OF PEAKING CAPACITOR

AND OUTPUT TRANSITION

P 5.6 5,6 DIFFRACTION FROM INTERFACE OF MONOCONE AND
CONNECTING STRAP

4.6 - UNPREDICTABLE

34.0 31,0 REFLECTION FROM INTERFACE OF PEAKERS WITH OUTPUT

or TRANSITION

34.0 33.6 DIFFRACTION FROM INTERFACE OF PEAKERS WITH
OUTPUT TRANSITION

42 42,6 MULTIPLE REFLECTION BETWEEN UPPER END OF PEAKERS
AND OUTPUT SWITCH

P8 7.6 7.6 POSSIBLE REFLECTION BETWEEN MONOCON APEX AND END
OF ONOCONE

42 12 12.6 MULTIPLE REFLECTION BETWEEN UPPER END OF PEAKERS
AND OUTPUT SWITCH

P1  9.3 9.1 DIFFRACTION FROM FRONT ENO OF OUTPUT TRANSITION

32.4 ,310 REFLECTION BETWEEN UPPER AND LOWER ENOS OF

or PEAKERS
32.4 32.8 REFLECTION BETIEEN UPPER END OF PEAKERS AND

INTERFACE WITH TOP OF MONOCONE

.3 42.6 MULTIPLE REFLECTION BETWEEN UPPER END OF PEAKERS

AND OUTPUT SWITCH

P2  43 44 42.6 REFLECTION BETWEEN UPPER END OF PEAKERS AND OUT-

PUT SWITCH
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and/or geometric discontinuities are present, the output transition.

Clearly from Table D-2, it is evident that the primary impedance discon-

tinuities are at the back of the output transition and at the straps

connecting the transition to the matched plate. It also appears that

diffraction from the geometric discontinuity at the bend between the

output transition and transmission line produces an early time diffrac-

tion peak on the waveform. Reflections from impedance discontinuities

are apparently also detectable from the interface between the output

transition and transmission line.

An estimate of the magnitude of the major impedance

discontinuity at the end of the matched plate can be obtained from

measurements of the amplitude of the reflected component and a simple

calculation. Perhaps the most unequivacable data from which this estimate

can be made are from the current monitor directly under the switch.

Figure D-1i is ,hw dig;tization of the .30 ns/div curve from the set of

data at the switch during the matched plate tests. The period of the

major oscillation seen on this curve corresponds to the two-way transit

time from the output switch to the output transition region. From the

figure, the relative amplitudes of the incident and reflected peaks are

1.45 and 4.55 divisions, respectively. The reflection coefficient (c)

is the ratio of the reflected to incident amplitudes hence

c, m .319

The current reflection coefficient is also given by

z - z
0 Lz

L ZL + Zo

where ZL is the effective load impedance provided by the output transition

interface and Z is the characteristic impedance of the matched plate

(125 ohms). Therefore, the effective Impedance of the output transition

region is given by
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Z L 64.5 ohms

The foregoing analysis of the impedance discontinuity

at the matched plate/output transition interface is, of course, a

grossly over-simplified one. In reality, the actual impedance of the

output transition at its interface with the matched plate is probably

more nearly 100 to 110 ohms. An alternate explanation of this mismatch

might consider the time required for the wave or current sheet to completely

traverse the surface of the output transition section. This time can be

roughly equated to the charging time of a capacitor. Such an equivalent

representation would predict an initially low impedance and qualitatively

explain the observed data.

This mismatch phenomena will be present in the

Horizontal TRESTLE although in reduced magnitude. The top of the output

transition for the production pulsers has been truncated to provide a

shorter transit time and a higher quasi-static impedance. It should be

noted that effects of this discontinuity are not apparent at the locations,

P and P Thus this large discontinuity produces field perturbations

that are apparently overcome by other mechanisms so that its influence

is minor outside the confines of the pulser.

2) Two and One-Half Inch Aluminum Tubes (Reference
Figures 0-3 Pnd D-.1)

Both sets of data on the aluminum tubes installed in

place of the peakers (tubes level with bottom of output transition and

14 inches below bottom of output transition) show the same reflection

and diffraction peaks as might be expected. Tables D-3 aod V-4 summnjl ..

these results indicating that the primary source of reflections is the

impedance discontinuity between the tubes and the output transition. It

is also evident that at sensor location PI in front of the output transi-

tion, diffraction from the geometric discontinuity at the upper end of
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the output transition leads to early time degradation to the pulse

waveform. There is no apparent difference in the measured waveform

using either of these configurations.

3) Cone Tests

a) Bicone

Table 0-5 summarizes the re-flection/diffiaction

pea%s and oscillations observed in the output waveforms associated with

tne bicone configuration. The primary peaks correspond to reflections

between both ends of the peakers and the output switch. Due to the cor--

plexity of this particular geometry, it is not clear whether or not any

diffraction effects are present.

b) 88-Ohm Monocone - Vertical

Table J-6 summarizes the reflection and !dffra,.

tion peaks evident on the waveforms obtained in the 88-ohm vertical

monocone configuration. Clear evidence is given in the table that

reflections due to impedance discontinuities occur at every interface in

the configuration except that of the output transition to the transmission

line. A large reflection (-60 percent of incident) appears to be

occurring at the inte Face between the monocone and straps connecting to

the peakers. Another smaller reflection occurs at the interface of the

monocone/peaker connecting strap and the lower end of the peakers.

Finally, there is a reflection apparently coming from the interface of

the peakers with the back of the output transition.

In addition to the reflection peaks there are

apparent diffraction peaks resulting from diffraction from three different

interfaces. First there is diffraction from the monocone/connecting

strap interface which appears to be quite a large contribution (about 70

percent of incident peak). Next there is possible diffraction from the

peaker/output transition interface and finally there is diffraction from

the interface of the output transition with the transmission line. Both

the first and last diffraction effects are early time contributions to

waveform degradation.
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c) 88-Ohm Monocone - Tilted

Table ,.7 summarizes the reflection/diffract-ion

contributions to the output waveform for the 88-ohm tilted monocone.

Among the major reflection peaks which are apparent are a reflection

from the monocone/connecting strap interface; one from the interface

between the upper end of the peakers and the output transition and,

apparently, reflections between the ends of the peakers; and one from

the tip of the output transition to the lower end of the peakers. In

addition, there appears to be diffraction from the connection of the

output transition to the transmission line as measured at sensor location

P"

d) 125-Ohm Monocone - Vertical

Table 0- m1narizes the reflecj.,'d;4 Factio,

contributions to the output waveform for the 125-ohm vertical monocone.

The only major reflection peaks for this configuration correspond to

reflection from the interface between the upper end of the peakers and

the output transition. And again for sensor location P,, there is an

apparent early time diffraction peak originating from the tip of the

output transition.

e) 125-Ohm Monocone - Tilted

A summary of the reflection/diffraction peaks

for the 125-ohm tilted monocone appears in Table n-9. The major cate-

gories of reflections which appear in this table are: one corresponding

to a reflection between the upper end of the peakers and the top of the

monocone, reflection from the top of the monocone to the output switch,

and a reflection between the upper end of the peakers and the output

switch. In addition, there is an apparent diffraction peak corresponding

to diffraction from the tip of the output transition.

d. Summary of Interface Problem Areas

A summary of all Interface problem areas is presented in

Table 0-10. The major interfaces associated with the various configurations

of the low voltage spring tests are listed across the top of the table.
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The corfigurations are listed in the first column followed by designations

of the sensor locations either in the second or third column according

to the orientation of the switch (vertical - V, or tilted - T). The

remainder of the table lists the major reflection and/or diffraction

originating interfaces (R and D, respectively) along with an estimate of

the relative magnitude of the effect of each reflection and/or diffraction

on the output pulse waveform. The relative magnitudes are categorized

into three classes; large effects (L) of greater than 50 percent of

incident peak amplitude, medium effects (M) of less than 50 but more

than 20 percent of incident peak amplitude, and small effects (S) of 20

percent of incident peak amplitude or less.

The table presents an overview of all the low voltage

spring tests together and clearly points out that the major interface

contributing to reflection effects is the interface at the back of the

output transition. Similarly, it is evident that the interface contrib-

uting most severely to diffraction effects is the interface of the

output transition with the transmission line.

For the cases where some kind of switch cone is presen:

(bicone or monocone), the table also indicates that, in general, the

interface between the top of the cones and the connecting straps to the

peakers appears to be the origin of reflection problems in the vicinity

of the switch. Also, for the vertical monocone configurations (88-ohm

and 125-ohm), there appears to be evidence indicating that diffraction

from the geometric discontinuity at the bend between the cone and peaker

directions may be a problem.

The sensor location most obviously effected by the early

time degradation effects of diffraction is P Diffracted fields arrive

at this location at times on the rising incident waveform which cause

severe degradation in pulse risetime as clearly tvident in the data

presented in Addendum 1. It should be pointed out here, also, that

although Table D-l0 does not indicate any dIffractlo,1 effects at sensor

location P2' the presence of diffraction from the end of the output

120



transition in particular is quite probably a major contributor to the

slow risetime observed at this sensor location. This is felt to be the

case despite the fact that the diffraction signature fro- that interface

cannot be extricated from the general waveform.

e. Rsetime Considerations

Table D-1l summarizes the measured risetimes for the

various configurations of the low voltage spring tests as a -'-

sensor location. Ail risetimes are given in nanoseccnds and reD-ese-t

vie t;-e required for the pulses to rise from )C percent of rne;r

maximum amplitude to 90 percent. A figure is referenced in column two

of the table for each of the configurations.

1) Risetime Versus Configuration

Figure D-12 illustrates the dependence of the measured

10 to 90 percent risetime on the configuration of the test setup at each

sensor location. The configuration numbers along the horizontal axis

correspond to the number designations for the configurations listed i-

Table 0-i1.

This figure displays two definite groupings of data

according to sensor lcation. P and P both lie together for the most

part well below the cu-ves for P and P The reason for this grouping

is at once evident in that both *P and P lie within the confines o' the

geometry of the pulser module while P1 and P2 lie outside this geometry.

The increased risetimes for the outer sensors over the inner sensors cbn

be attributed to a combination of diffractive effects and the loss of

some of the high frequency components of the pulse by radiation as the

pulse progresses away from the switch. One explanation of the increased

risetime at P2 over that of P,, then, is simply that it is more distant

and hence suffers more degradation in risetime due to radiation of the

high frequency components.

2) Risetime Versus Sensor Location

The dependence of the measured 10 to 90 percent

risetime on the sensor location for each of the configurations studied
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is illustrated in Figure 0-13. The seisor locations are listed along

the horizontal axis and the risetime in nanoseconds along the vertical.

This figure illustrates quite clearly the trend for all configuration

data toward increasing risetimes the further the sensor is from the

pulse source. Again the probable cause for a large degree of this

risetime degradation lies in diffraction from various interfaces although
p arily it is in the interface between the output transition and the

transmission line.

Notable here again Is a definite grouping, particularly

at the sensor locations P and P The reason for this grouping is

obvious, the three configurations in the lower group consists solely of

"clean" geometry configurations, that is, all of the component elements

lie primarily in a common plane along the same axis (125-ohm matched

plane and aluminum tube configurations). The remaining configurations

all consist of switches feeding either a bicone or monocone geometry,

inherently a much more complex situation. The differences in risetime

for these two groupings at sensor locations P and P8a can be attributed

to some extent to differences in diffraction between the two basic

geometries since any diffraction effects in the clean geometry cases is

primarily observed only after the sensor at P is reached. However, it1 I

has been shown in a detailed analysis of the TRESTLE pulser at the PTF

that a more fundamental consideration enters into this difference. It

was shown in the analysis that, independent of any diffraction effects,

the simpler and smaller the output switch geometry the better the risetime.

The differences in risetimes between a virtually ideal practical switch

such as used in the "clean" geometry tests and a typical bicone or

monocone was found to be approximately a factor of two.

Another feature worthy of note in Figure D-13 is the

rapid risetime degradation in the "clean" geometry configurations in

going from sensor location P8 to PI. It is felt that a virtually complete

explanation of this effect lies in the apparent large amount of diffraction

occurring at the output transition/transmission line interface.

1Fisher, R. TRESTLE Pulser Analysis Final Report, BOM/A-27-75-TR, 1975.
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Consideration of Figure D-13 in detail shows that,

as far as risetime is concerned, the best two candidates for minimizing

riserime of the cone geometries studied are the 88-ohms tilted monocone

and the 88-ohm vertical monocone. The tilted geometry is only marginally

superior to that of the vertical. The "clean" geometry configurations

were discarded in this inspection of the figure since it is the realisti-

cally applicable switch geometries (cones) that are of interest in

selecting the optimum switch for the pulser.

E. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

1. Summary

In summary:

(1) The 125-ohm matched plate test indicates that risetime is

degraded to 17 nanoseconds in the PTF with a 3-nanosecond

switch risetime.

(2) There is little difference in risetime or waveform pertur-

bations between the two peaker configuration tests.

(3) The monocone risetimes are superior to that-of the 125-

ohm bicone.

(4) The 88-ohm monocone tests gave better risetimes than the

125-ohm monocone tests.

(5) The tilted 88-ohm monocone risetime was slightly superior

to that of the 88-ohm vertical monocone. The evidence

was opposite for the 125-ohm monocone.

2. Conclusions and Recommendations

Conclusions and recommendations are:

(1) There is almost a zero probability of measuring a risetime

less than 10 nanoseconds in the PTF working volume at

positions P1 and P2. This limitation is apparently due

to the geometry of the PTF.

(2) It Is the judgment of the authors that less than 10

nanosecond risetimes in the Horizontal TRESTLE are impossible

to achieve. The geometry of the PTF Is similar to that
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of the Horizontal TRESTLE. In addition, the Horizontal

TRESTLE has additional mechanisms that could degrade the

risetime further.

(3) There is no apparent advantage in lowering the peakers

below the plane of the bottom of the output transition.

Simple theory indicates that lowering the peakers will

reduce impedance mismatch. However, experimental data at

P and P shows little or no sensitivity on risetime or
1 2

other significant waveform parameters to this variation.

Furthermore, a lowering of peakers is undesirable from a

corona enhancement consideration. Therefore an approximate

flush mounted peaker configuration is desired.

(4) The bicone switch should be replaced by a monocone switch

to improve risetime and to reduce reflections.

(5) The 88-ohm monocone is preferred over a 125-ohm model due

to superior risetime performance. This is fortunate

since the 8-ohm model can use the existing switch pressure

housing.

(6) The di'ference in risetime between the vertical and

tilted 38-ohm monocones is small. Since the vertical

cone is easier to fabricate, it is preferred over tI.e

tilted cone model.
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